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(57) ABSTRACT 

Acamera provided With a body having an opening for object 
light to enter, a photographic optical system having an 
inclined surface for refracting object light entering from the 
opening to form an image of the object light, and an image 
sensing element for sensing the object image formed by the 
photographic optical system, Wherein the photographic opti 
cal system is disposed Within the body so as to form a space 
betWeen the body and a re?ective surface of the inclined 
surface relative to the object light entering from the opening, 
and some of the structural parts of the camera are arranged 
adjacent to the inclined surface in the space. 

11 Claims, 10 Drawing Sheets 
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CAMERA HAVING A REFRACTIVE 
OPTICAL SYSTEM WITH AN INCLINED 

SURFACE FOLDING AN AXIS OF ENTERED 
OBJECT LIGHT 

This application is based on Patent Application No. 2001 
87447 ?led in Japan, the content of Which is hereby incor 
porated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a camera, and speci?cally 

relates to a digital camera provided With a refractive optical 
system including a refraction element such as a mirror in a 
photographic optical system. 

2. Description of the Related Art 
Since the ?lm used in silver halide cameras cannot be 

used in digital cameras Which electronically record image 
signals converted by an image sensing element, the ?lm 
magazine, spool compartment, and ?lm feeding mechanism 
are unnecessary, thereby increasing the freedom of layout of 
the image sensing optical system. Furthermore, digital cam 
eras have been proposed, Which are provided With a refrac 
tive optical system having a refraction means such as a 
mirror or the like Within the optical system, and an image 
sensing element is disposed on the focusing surface of the 
optical system, so as to decrease the thickness of the digital 
camera in the front-to-back direction. 

For example, Japanese Laid-Open Patent Application No. 
2000-10165 discloses an electronic camera provided With a 
refractive optical system arranged in a notched part of an 
electric circuit board disposed at the center inside a ?at 
shaped body and further arranged parallel to the front 
surface of the body, and provided With a battery compart 
ment arranged in a perpendicular direction at a side of the 
refractive optical system. 

Japanese Laid-Open Patent Application No. H11-220646 
discloses an electronic camera provided With a refractive 
optical system. A strobe printed circuit board is disposed 
behind a mirror included in the refractive optical system. 
This circuit board is larger than the mirror, and is simply 
positioned behind the mirror, as shoWn in FIG. 4 of the 
disclosure. 

In recent years compact cameras have been vieWed as 
important, and the ef?cient arrangement of the structural 
parts of the camera has become an issue, hoWever, since the 
cameras disclosed in the above publications provide the 
refractive optical system in the center of a body and other 
structural parts are overlaid on the refractive optical system 
in the thickness direction of the body, the structural parts of 
the cameras cannot be arranged ef?ciently, and the cameras 
are large in siZe. 

SUMMARY 

Aproblem of the art Which the present invention aims to 
solve is arranging the structural parts of the camera more 
ef?ciently to provide a compact camera using a refractive 
optical system. 

The present invention solves the aforesaid problem of the 
art by providing a camera having the structure described 
beloW. 
A camera provided With a body having an opening for 

object light to enter, a photographic optical system having an 
inclined surface for refracting object light entering from the 
opening to form an image of the object light, and an image 
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2 
sensing element for sensing the object image formed by the 
photographic optical system, Wherein the photographic opti 
cal system is disposed Within the body so as to form a space 
betWeen the body and a re?ective surface of the inclined 
surface relative to the object light entering from the opening, 
and some of the structural parts of the camera are arranged 
adjacent to the inclined surface of the optical refraction 
means in the space. 

In this structure, the photographic optical system is pro 
vided With an inclined surface arranged at an inclination of 
speci?c angle relative to the optical aXis of the entering light 
to refract the optical aXis of the object light entering the 
photographic optical system. Accordingly, the photographic 
optical system can be shaped so as to have a notch at the 
back surface of the inclined surface, such that When, for 
eXample, the photographic optical system is disposed in a 
perpendicular or horiZontal direction, a space is formed 
Which is circumscribed by the back Wall of the body and 
along the back surface of the inclined surface and is housed 
Within the body. Some of the structural parts of the camera 
may be arranged adj acently in the space formed at the back 
surface of the photographic optical system. 

According to this structure, space is used ef?ciently 
because structural parts can be arranged adjacent to the 
inclined surface of the photographic optical system, thereby 
alloWing the structural parts of the camera to be arranged 
ef?ciently such that the camera can be made more compact 
in form. 

It is desirable that the camera has a lens protecting means 
Which can operate to protect the photographic optical system 
by covering the opening. It is further desirable that a 
structural part disposed in the space is a lens protecting drive 
means for driving the lens protecting means. 

It is still further desirable that the camera has a focus 
adjusting means for adjusting the focus of the image sensing 
element. It is further desirable that a structural part disposed 
in the space is a focus adjusting drive means for driving the 
focus adjusting means. 

It is desirable that a structural part is a ?nder for directing 
object light of a range corresponding to the photographic 
range from the front surface of the body to the back surface. 

In this structure, it is desirable that the ?nder has an 
inclined surface for refracting light entering from the front 
surface of the body, and the ?nder inclined surface is 
arranged opposite the previously mentioned inclined surface 
in the space. 

It is desirable that the camera is provided With a photo 
graphic Zoom optical system in the photographic optical 
system, a photographic Zoom drive means for driving the 
photographic Zoom optical system, a ?nder Zoom optical 
system in the ?nder, and a drive transmission means for 
transmitting the drive force of the photographic Zoom drive 
means to the ?nder Zoom optical system so as to move the 
?nder Zoom optical system in conjunction With the move 
ment of the photographic Zoom optical system. 

It is desirable that the body has the opening at the top right 
of the front surface, and Within the body the photographic 
optical system is arranged along the right side of the body so 
as to form a space in the top right posterior part of the body, 
the image sensing element is arranged facing upWard beloW 
the photographic optical system, and these structural parts 
are parts related to the photographic optical system. 

In this structure, parts related to the photographic optical 
system include parts for driving the photographic optical 
system, and parts for protecting the photographic optical 
system. Speci?c examples include a drive system for focus 
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adjustment and Zooming, and a barrier drive system for 
protecting the lens provided at the entrance of the photo 
graphic optical system. 

The present invention further provides a digital camera 
having the structure described beloW. 

Adigital camera provided With a body having an opening 
for object light to enter, a photographic optical system 
having an inclined surface for refracting object light entering 
from the opening to form an image of the object light, and 
an image sensing element arranged facing upWard beloW the 
photographic optical system for sensing an object image 
formed by the photographic optical system, Wherein the 
photographic optical system is arranged Within the body 
along the right side surface of the body so as to form a space 
on the side opposite the inclined surface relative to the object 
light entering from the opening, and part of the structural 
parts of the digital camera related to the photographic optical 
system are arranged in the space. 

According to this structure, since the structural parts of 
the digital camera related to the photographic optical system 
are arranged in the space formed at the back side of the 
inclined surface adjacent to the photographic optical system, 
mechanical structures and Wiring can be efficiently laid out, 
and dead space can be used ef?ciently to make a camera of 
compact form. 

These and other objects, advantages and features of the 
invention Will become apparent from the folloWing descrip 
tion thereof taken in conjunction With the accompanying 
draWings Which illustrate speci?c embodiments of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the folloWing description, like parts are designated by 
like reference numbers throughout the several draWings. 

FIG. 1 is a front section vieW of a digital camera using a 
refractive optical system; 

FIG. 2 is a back section vieW of a digital camera using a 
refractive optical system; 

FIG. 3 is a right side section vieW of a digital camera 
using a refractive optical system; 

FIG. 4 is a top section vieW of a digital camera using a 
refractive optical system; 

FIG. 5 is a right side section vieW shoWing the layout of 
the refractive optical system of a ?rst embodiment of the 
digital camera of the present invention; 

FIG. 6 is a front section vieW shoWing the layout of the 
refractive optical system of a ?rst embodiment of the digital 
camera of the present invention; 

FIG. 7 is a top section vieW shoWing the layout of the 
refractive optical system of a ?rst embodiment of the digital 
camera of the present invention; 

FIG. 8 illustrates the refractive optical system protected 
by a barrier covering the opening shoWn in FIG. 5; 

FIG. 9 is a right side vieW shoWing the layout of the 
optical system of a digital camera of a second embodiment 
of the present invention; 

FIG. 10 is a front section vieW shoWing the layout of the 
refractive optical system of the digital camera of the second 
embodiment of the invention; 

FIG. 11 is an enlarged left side section vieW of the 
essential part shoWing the layout of the refractive optical 
system of the digital camera of the second embodiment of 
the invention; 
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FIG. 12 is an enlarged front section vieW of the essential 

part shoWing the layout of the refractive optical system of 
the digital camera of the second embodiment of the inven 
tion; 

FIG. 13 is an enlarged top section vieW of the essential 
part shoWing the layout of the refractive optical system of 
the digital camera of the second embodiment of the inven 
tion; 

FIG. 14 is a right side vieW shoWing the layout of the 
optical system of the digital camera of a third embodiment 
of the invention; 

FIG. 15 is a front vieW shoWing the layout of the optical 
system of the digital camera of a third embodiment of the 
invention; and 

FIG. 16 is a top vieW shoWing the layout of the optical 
system of the digital camera of a third embodiment of the 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The embodiments of the digital camera of the present 
invention are described hereinafter With reference to the 
accompanying draWings. 
The general structure of the digital camera using a pho 

tographic optical system (refractive optical system) pro 
vided With a means for refracting an optical aXis is described 
beloW using FIGS. 1~4. 
A digital camera 1 houses a refractive optical system 3 

comprising a photographic lens group and barrel along the 
right side surface of a body 2 vieWed from the front, i.e., 
from the surface facing the object during photography, as 
shoWn in the front section vieW of FIG. 1. 
The body of the digital camera 1 is a body 2 having a ?at 

shape Wherein the thickness dimension is small compared to 
the height and Width dimensions, as shoWn in FIGS. 1~4. 
The body has an opening 3a used by the refractive optical 
system 3 on the top right part of the front side as shoWn in 
FIG. 1. A?nder 14 and ?ash 9 are provided on the left side 
of the opening 3a. 
As shoWn in the back section vieW of FIG. 2, a liquid 

crystal display 6 for displaying images is arranged at the 
back Wall of the body 2 so as to eXpose a display screen 8 
on the back Wall of the body 2. Furthermore, Zoom buttons 
17a and 17b are provided for adjusting the Zoom of the 
refractive optical system. The Zoom buttons 17a and 17b 
comprise a telephoto button 17a and a Wide angle button 
17b, and When either button is pressed, a Zoom drive system 
5 is actuated to move the Zoom lens. 

As shoWn in FIG. 1 and the top section vieW of FIG. 4, 
a release button 15 for photographic operation and a main 
sWitch 16 for sWitching photographic modes are provided on 
the top Wall of the body 2. 

Object light enters the refractive optical system 3 from the 
opening 3a. The refractive optical system 3 is provided 
perpendicular to the right end of the body 2 as previously 
described. Light entering perpendicular to the front surface 
of the body is refracted doWnWard by a prism 18. For this 
reason the prism 18 is provided With an inclined surface 18a 
inclined at a speci?c angle relative to the entrance direction 
of the object light. As shoWn in the right side section vieW 
of FIG. 3, a space 20 in a region circumscribed by the body 
2 is formed at the back side of the inclined surface 18a of the 
prism 18, i.e., on the side opposite the opening 3a. Structural 
parts of the digital camera are arranged in this space 20 in 
each embodiment of the present invention. 
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A Zoom drive system 5 for driving the Zoom lens is 
provided below the image sensing element 4. By means of 
such placement the space formed below the refractive opti 
cal system 3 and the image sensing element 4 can be used 
effectively. 
A battery compartment 10 is provided at the left side of 

the refractive optical system 3 and the image sensing ele 
ment 4. The battery compartment 10 houses batteries 11, is 
arranged perpendicular to the refractive optical system 3, in 
the thickness direction of the body so that the length 
direction is horiZontal to the bottom Wall of the body 12. 
A memory slot 12 for inserting a memory card 13 and a 

base plate (not shoWn) overlaid in the thickness direction are 
provided on the front side of the liquid crystal display. These 
parts are thin parts, and can be arranged one upon another in 
the thickness direction of the body so as to be smaller than 
the thickness of the refractive optical system 3. 
Amain condenser 7 of the ?ash 9 is provided betWeen the 

memory slot 12 and the refractive optical system 3. The 
main condenser 7 is overlaid on the liquid crystal display 6 
in the thickness direction. 
A ?rst embodiment of the digital camera of the present 

invention is described beloW With reference to FIGS. 5~8. 
The digital camera of the ?rst embodiment has a barrier 

for protecting the entrance of the refractive optical system 
by covering the opening 3a of the body, and a mechanism for 
driving this barrier is arranged in the space 20 circumscribed 
by the Wall of the body 2 and the inclined surface of the 
prism 18. 

In the present embodiment, a barrier drive motor 31 is 
provided in the space 20a formed on the side opposite the 
inclined surface 18a of the prism 18 for refracting the optical 
axis of the object light, as shoWn in the right side section 
vieW of FIG. 5. Abarrier 32 is supported so as to be rotatable 
near the opening 3a, as shoWn in the front section vieW of 
FIG. 6. A fourth gear 36 for transmitting the drive force of 
the barrier drive motor 31 is provided near the pivot axis of 
the barrier. 

The barrier drive motor 31 is actuated by speci?c opera 
tion of the digital camera. The drive of the motor 31 is 
transferred to a ?rst gear 33, then to a second gear 34, and 
a third gear 35. The third gear 35 drives a fourth gear 36 
mounted on the barrier 32, Whereby the barrier 32 is driven 
in a speci?c direction. FIG. 8 shoWs the barrier 32 covering 
the opening 3a. 

Since the motor for driving the barrier is provided near the 
refractive optical system, the structure of the mechanism for 
driving the barrier can be simple, and since the space 20a 
Which is dead space at that speci?c location, the camera can 
be made compact. 

The digital camera of a second embodiment of the present 
invention is described beloW With reference to FIGS. 9~13. 

The digital camera of the second embodiment has a ?nder 
14 arranged in a space 20b formed on the side opposite the 
inclined surface 18a of the prism 18 of the refractive optical 
system 3. The ?nder refracts light entering from a ?nder 
entrance 14a provided on the front surface of the body via 
tWo prisms 42 and 43, and directs the light to a ?nder exit 
14b provided on the back surface of the body, as shoWn in 
the enlarged top vieW of the essential part of FIG. 13. An 
inclined surface 42a of the prism 42 and an inclined surface 
18a of the prism 18 of the refractive optical system are both 
constructed to bend the respective optical axes (i.e., ?nder 
optical axis and photographic optical system optical axis) 
90°, and both can be closely arranged Within the space 20b 
by arranging the inclined surfaces in opposition, as shoWn in 
the right side vieW of FIG. 9. 
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The ?nder has three lenses 49, 50, 51, and lens 49 is 

stationary. On the other hand, lenses 50 and 51 are mounted 
so as to be movable during operation in the direction of the 
optical axis 80 for ?nder Zooming. Light entering from the 
entrance 14a passes through the lenses 49, 50, 51 along the 
optical axis 80, and arrives at the prism 43, as shoWn in the 
enlarged front vieW of the essential part of FIGS. 12 and 13. 
The prism 43 bends the image upWard, at a right angle to the 
optical axis, and directs the image to the image surface 44. 
An eyepiece lens 52 for vieWing an enlargement of the 
image formed on the image surface 44 bends the optical path 
in a doWnWard direction and optical axis direction so as to 
make the image surface vieWable as an erect image via the 
prism 42. 

The ?nder Zoom system is constructed to drive in con 
junction With the Zooming of the refractive optical system 3. 
The Zoom mechanism of the refractive optical system 3 
drives the extension and retraction of the Zoom lens 41 
guided by the rectilinear barrel 45b via rotation of a drive 
cam barrel 45, as shoWn in the enlarged left side section 
vieW of the essential part of FIG. 11 and FIG. 12. The drive 
mechanism of the ?nder Zoom system transfers the rota 
tional movement of the drive cam barrel 45 of the refractive 
optical system 3 to a cam ring 48 via the gears 46 and 47, 
and changes the distance betWeen the cam surfaces 48a and 
48b abutting the frames 50a and 51a of the lenses 50 and 51 
via the rotation of the cam ring 48, thereby changing the 
respective distances of the tWo lenses 50 and 51. 
By using this structure for the ?nder Zoom drive mecha 

nism, the rotational movement of the drive cam barrel 45 can 
be transferred to the cam ring 48 and the tWo lenses 50 and 
51 of the ?nder to change the corresponding ?nder image in 
accordance With the degree of Zoom by the refractive optical 
system 3. 
The digital camera of a third embodiment of the present 

invention is described beloW With reference to FIGS. 14~16. 
The digital camera of the third embodiment arranges a 

focus adjusting drive mechanism for driving a focusing lens 
63 to adjust the focus on an image sensing element 4 in a 
space 20c formed on the side opposite the inclined surface 
18a of the prism 18 of the refractive optical system, as 
shoWn in the right side vieW of FIG. 14. The focus adjusting 
mechanism comprises a focus adjusting motor 60, ?rst gear 
61 mounted on the motor shaft, second gear 62 for in?ecting 
the angle of movement of the ?rst gear 61 by 90° and 
transmitting the movement of the ?rst gear 61 to a shaft 64, 
and a shaft 64 having a spiral screW part 65 on its tip. The 
focus adjusting motor 60 is arranged adjacent to the back 
surface of the inclined surface 18a of the prism 18. The shaft 
64 is arranged laterally to the refractive optical system 3 so 
as to not be perpendicular to the thickness direction of the 
digital camera, as shoWn in the front vieW of FIG. 15. By 
means of this arrangement the parts requiring relative length 
are not arranged in the thickness direction of the camera, 
thereby reducing the in?uence of such parts on the thickness 
of the camera. 

The focus adjusting motor 60 is driven When an electrical 
signal is received, and drives the ?rst gear. The ?rst gear is 
?xedly mounted on the shaft, and the rotation of ?rst gear is 
transferred to the shaft 64. The tip of the shaft 64 is provided 
With a screW part 65, and this screW part 65 engages a female 
screW part 66 mounted on a focusing lens 63. The rotation 
of the shaft changes the position of the focusing lens 63 in 
the height direction to adjust the focus. 

Arranging the focus adjusting motor 60 in the space 20c 
in this Way realiZes a compact mechanism for driving the 
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focusing lens 63 via a simple structure. Furthermore, since 
the space 20c is dead space, the camera can be made more 
compact. 
As described above, the camera of the present invention 

houses structural parts of the camera in a space provided at 
the side opposite an inclined surface of the refractive optical 
system, so as to realiZe ef?cient placement of structural 
parts. Furthermore, the structure of the drive mechanisms 
and Wiring layout can be simpli?ed by having structural 
parts in the space parts Which are related to the refractive 
optical system, thereby simplifying the camera structure and 
making the camera more compact. 

Although preferred embodiments of the invention have 
been described in the foregoing detailed description and 
illustrated in the accompanying draWings, it Will be under 
stood that the invention is not limited to the embodiments 
disclosed, but is capable of numerous rearrangements, modi 
?cations and substitutions of parts and elements Without 
departing from the spirit of the invention. Accordingly, the 
present invention is intended to encompass such rearrange 
ments, modi?cation and substitutions of parts and elements 
as fall Within the spirit and scope of the invention. 
What is claimed is: 
1. A camera comprising: 
a body having a front surface Which includes an opening 

for object light to enter and a back surface; 
an optical system including a ?rst optical element having 

a ?rst inclined surface for folding an aXis of object light 
entering from the opening; and 

an optical ?nder including a second optical element 
having a second inclined surface for folding an aXis of 
light entering from a ?nder entrance provided on the 
front surface of the body, the ?rst inclined surface of 
the ?rst optical element and the second inclined surface 
of the second optical element being arranged in oppo 
sition so that both surfaces are closely arranged Within 
space formed betWeen the back surface of the body and 
the ?rst inclined surface of the ?rst optical element in 
the optical system. 

2. A camera according to claim 1, further comprising: 
an image sensor Which receives the object light refracted 
by the ?rst inclined surface. 

3. A camera according to claim 1, further comprising: 
a member arranged adjacent to the ?rst inclined surface. 
4. A camera according to claim 1, Wherein the back 

surface is arranged adjacent to an edge of the ?rst inclined 
surface. 

5. A camera according to claim 1, further comprising: 
a cover movable betWeen a ?rst position Wherein the 

optical system is covered at the opening of the body by 
the cover and a second position Wherein the optical 
system is uncovered at the opening of the body; and 

a member disposed in the space and constituting a part of 
a driving unit Which moves the cover. 
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6. A camera according to claim 1, further comprising: 
a focus adjusting device Which moves a optical member 

of the optical system to adjust a focus position of the 
optical system; and 

a member disposed in the space and constituting a part of 
the focus adjusting device. 

7. A camera according to claim 1, further comprising: a 
?nder Which directs object light from the front surface to the 
back surface of the body; and 

a member disposed in the space and constituting a part of 
the ?nder. 

8. A camera according to claim 1, further comprising: 
a Zoom ?nder Which directs object light from the front 

surface to the back surface of the body and includes a 
?nder Zoom system, Wherein the optical system 
includes a main Zoom system; and 

a member disposed in the space and constituting a part of 
drive transmission unit Which transmits a drive force 
betWeen the main Zoom system and the ?nder Zoom 
system. 

9. A camera according to claim 1, Wherein the body has 
the opening at a top right of the front surface and the optical 
system is arranged along a right side of the body. 

10. Acamera according to claim 9, further comprising: an 
image sensing element arranged facing upWard beloW the 
optical system. 

11. A camera comprising: 

a body having an opening for object light to enter; 
an image taking optical system including a ?rst optical 

element having a ?rst inclined surface for folding an 
aXis of object light entering from the opening to form 
an imago of the object light; and 

an image sensing element arranged so as to receive the 
light folded by the ?rst optical element of the image 
taking optical system and Which images an object 
image formed by the image taking optical system, 

Wherein the image taking optical system is arranged 
Within the body a right side surface of the body so as 
to form a space on a side of the ?rst inclined surface of 
the ?rst optical element opposite a side of the ?rst 
inclined surface relative to the object light entering 
from the opening; and 

an optical ?nder including a second optical element 
having a second inclined surface for folding an aXis of 
light entering from a ?nder entrance provided on the 
front surface of the body, the ?rst inclined surface of 
the ?rst optical element and the second inclined surface 
of the second optical element being arranged in oppo 
sition so that both surfaces are closely arranged Within 
the space. 


